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V. The Tenninal Abdominal Slrnclnres of the Primitive 
Australian Termite, Mastoternios (lavwinoiisis Froggatt. 
By G. C. Crampton, Pli.D., F.K.S. (Massacliusetta 
Agricnltiiral Oollege, Amherst, ]\Iass.). 

[Road February Ith, 11)20.] 

Plate IV. 

Through the kindness of Dr. R. J. Tillyard I have been 
able to examine a few specimens of the extremely interesting 
Australian termite, Mastolermes darwinensis Froggatt, 
preserved in spirit. Since these insects are in some res])ects 
amojig the most primitive representatives of the order 
Isoptera, and since they are available for study to but few 
fortunate individuals, it may possibly be of some iiiterest 
to describe briefly their terminal abdominal structures, 
which have not been figured before, so far as 1 am aware. 
The terminology here a])plied to the ]iarts is that ])roiiosed 
for insects in general i)i a juiper dealing with the terminal 
structures of male insects, ])nblished in the June 1018 issue 
of vol. xiii of the Bulletin of the Brooklyn Entomological 
Society (pp. 49-1)8), and in an article dealing with the 
terminal structures of female insects, published in the 
December 1917 issue of vol. xxv of the Journal of the New 
York Entomological S(K-ietv (pp. 2*45 -287). 

There were two types of winged specimens in the material 
which I examined ; but since I was permitted to retain 
only one winged specimen (which I wished to keep intact 
for a further study of the (external morphology of these in¬ 
sects, and for a com]>arison with other termites) I have been 
unable definitely to debu’minc, by dissecting them, which 
of the winged forms are males, and which are females. Iix 
the alate forms of many termites, however, the males bear 
stvli and the females do not, and from what is known of 
related forms, I think that we are justified in assuming 
that in the winged caste of Mastotermes also, those forms 
which bear stvli are males, and those which do not are 
hmiales; Imt until this point has been definitely determined 
by dissection, the inter]a-etation here given must be regarded 
as purely provisional. I might state, how'evei-, in this 
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connection, tliat I liave dissected speeiniens of Tcrmoj)sis 
mufuslieoUis Hagen, wliich are placed in tlie family Proter- 
mitidae (to which MoHlolermes also belongs) by Holmgren, 
and an examination of these foiTns has served to substantiate 
the conclusions here drawn concerning the sexes of the 
alate caste of Mafiloternies. 

In botli types of winged forms of Mastotermes (PI. IV, figs. 
I and 2), there are ten visible tergal plates in the abdomen. 
The sternal plates, however, are not situated immediately 
below their corres 2 )onding tergal plates in the posterior 
region of the abdomen, and the number of sternal plates is 
not the same in the two sexes, there being but six a])parent, 
well-developed, pigmented, sternal plates in the winged 
forms which I have interpreted as the females, while there 
are eight of these sternal plates in the winged “ males.” 
In both forms the sternal plate of the real first abdominal 
segment has become atrophied (or at any rate, it cannot 
be readily detected), so that what appears to be the first 
abdominal sternite, is in reality the sternite of the actual 
second al)dominal segment, while what appears to be the 
second sternite, is in reality the sternite of the actual third 
abdominal segment, and so on. 

As was mentioned above, there are apparently but six 
distinct ventral plates in the abdomen of the winged 
“ female ” of Mn^totermef;, and since what appears to be 
the first sternite is in reality the sternite of the actual second 
abdominal segment, etc., the apparent sixth ventral plate 
(“ hg ” of PI. IV, figs. I and 3), which is nnusually large, repre¬ 
sents the sternite of the actual seventh abdominal segment. 
This is in agreement with the statement made by Holmgren, 
1909, on page 150 of his “ Termitenstudien,” that the 
seventh sternite is much larger than the others in the 
abdomen of female termites in general. 

I at first thought that the stippled terminal area of the¬ 
se venth abdominal sternite shown in PL IV, figs. I and 3, 
might represent the remains of another abdominal sternite 
entering into the composition of the unusually large sternite 
“ hg,” since in the alate females of our Californian Proto- 
termitid Termopsis (which are more primitive than those of 
Maslotermcs in having retained a distinct sternite behind 
the seventh abdominal sternite) a distinct, though small, 
eighth sternite occurs in approximately the same position 
as that occupied by the terminal stippled area of the sternite 
labelled hg ” in PI. IV, figs. 1 and 3. The condition 
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oxlii))ite(] by tlic seveiitb abdominal sternito of tlic female 
soldiers and workers of Masfoleriues (text-fignre 1), however, 
would indicate that tl»<‘. sti])pled terminal area of the 
sternite labelled “ hg ” in PI. IV, figs. 1 and 3 does not 
represent the remains of a formerly distinct sternite. The 
area in cjiiestioii was of greater extent in the alate feimale 
shown in fig. 1 than in the one depicted in fig. 3, and I 



fiG. 1. — ^'I’orininaJ ventral alnloininal plates of a female of the .sotdu'r 
caste of j\I((iilolennes. int(>rpr<itation of lettering, 8(^e list of ablm'via- 

tinns at 011(1 of article. 


am inclined to thiidc that the latter is the more typical in 
this respect, althongh 1 ha ve not been able to examim^. any 
other specimetis of Mtmlolermes in order to determine this 
point. 

Holmgren, 1911, on page 32 of the second part of his 
“ 'lin initenstndien,’' (pioti^s the following from a paper by 
Silvestri (which I have l)een unable to obtaiii) in describing 
the abdomen of tlu^ female of the worker caste of 71 /g.s7o- 
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tcrmes : “ Abdominis storniini septiniiiin in joarto postica 
niodiana angustatiiin, productuin, niarginc postico sinnato, 
sternum, octavuin et nonum nondiim obtcfjjcns. Sternum 
octavum appendicibus genitalibus duabiis brevi))us; ster¬ 
num nonum stilis instructiim.” Sinee the abdomen of 
females of the soldier caste is similar to that of the worker 
caste, the above-cited description applies equally well to 
the female soldier depicted in text-figure 1 of the present 
paper, since in the figure in question the seventh abdominal 
sternite is narrowed posteriorly in the median region, it 
is somewhat produced, its posterior margin is sinuate, 
and it projects slightly over the eighth and ninth sternites. 
The eighth sternite likewise bears two “ genital appendages ” 
(labelled “ vv ” in text-figure 1), and the ninth sternite 
bears a pair of styli “ s.” I find in addition, however, 
a third pair of appendages labelled “ iv,” which are very 
small, and on this account apparently escajied Silvestri’s 
attention, although they occur in the females of both soldiers 
and workers. The intermediate appemlages, labelhd 
“ iv ” in text-figure 1, occur between the bases of the styli, 
labelled “ sg.” There is some indication that they may 
possibly belong to the sternite liehind the ninth (^. e. the 
partially atrophied tenth sternite) which would be in agree¬ 
ment with the claim made by Dr. Wheeler, that the inter¬ 
mediate valves of the ovipositoi' belong to the tenth segment 
of the eml)ryo (and come to have their jiosition between 
the dorsal valvulae of the adult as a later modification), 
but my material was too poorly preserved definitely to 
determine this point. 

Dr. AValker (Canadian Entomologist, vol. li, 1019, p]). 
131-139), following Wood-Mason, llandlirsch, Jlerlese, 
and others, would interpret the dorsal valves of the ovi¬ 
positor of Orthopteroid insects as representing the styli 
together with their basal portions “ sg ” (text-figure 1), 
from his studies on GryUohlatt<i \ and the condition exhibited 
by the females of the worker and soldier castes of il/u.s7o- 
termcs would uphold this view, for it is cpiite evident that 
the ventral a]ipendages labelled “ vv ” in text-figure 1, 
represent the ventral valves of a ]U‘imitive ovipositor, 
while the appendages labelled “iv*' represent the inter¬ 
mediate valves, and the styli “ s,” with their basal jiortions 
“ sg,’’ apparently enter into the coinjiosition of the florsal 
valves of the ovi]iositor of the Orthopteroid forms (sec 
atso figures nf BUitta,'' by Wood-Mason). The presence 
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of this primitive type of ovipositor in Mdslok nues furnishes 
furtlier evitleiice of the ratlier close relatioiishij) between 
Griflloblatta and the termites. 

In the wini^ed “ males ” of MasloleriHes there are ciitlit 
apparent abdominal sternites, as was mentioned above; 
but since the a])parent first sternite is in reality the steruite 
of the actual second abdominal s(‘ji,nient (the sternal plate 
of the first sei;nieiit beinji; atrophietl, or so greatly reduced 
as to })e no Ioniser readily detected), the apparent eighth 
steinite, labeltnl “ ha ” in PI. IV, figs. 2 and 4, re|)resents the 
sternum of the actual ninth abdominal segment. In the 
males of Gri/Ilobldlkt cainpodfiforniis Walker, recently figured 
by Dr. Walker (/. c.), the hypaiidrium, or sternite of the 
ninth abdominal segment (situated below the genital 
a])paratns of the male) bears a pair of distinct struc.tures, 
the coxites^ oj- styligeis, to which the styli are attached. 
In the wingetl male of JMdstolcmies (fig. 4) the styligers “ sg ” 
(which may or may nob represent the coxal segment of a 
limb, since the styli themselves are soinetiiiu's secondarily 
segmented) have i)ecome greatly reduced, aiul are })artially 
united with the. hypandrium “ ha,” but traces of them are 
still retained. A similar condition occurs in the cockroach 
Cruptocerens, shown in fig. 112 of the paper on the genitalia 
of male insects (Bulletin of the Brooklyn Ent. Soc., vol. 
xiii, 1918); but 1 did not realise the true signilicance of 
the stvli-bearing structures in this insect (/. c. the hoino- 
lognes of the stylig<n’s “ sg ” of figs. 2, 4, etc.) until Dr. 
Walker had ])ubiished his figures of the condition occurring 
in the primitive insect Gryllohhdta. 

In connection with the discussion of the styli, “ s,” and 
the styligers, “ sg,” I would call attention to the fact that 
if one eoin])aies Dr. Walk('r’s figun'. 2 (dan. Ent. vol. li, 
plate viii) of the ventral region of the terminal alalominal 
segments of a male GnjllobUdUi with my figure ‘34 (Bull. 
Brooklyn Ent. Soc., vol. xiii, plate 4) of the same region 
of a male Embia, the resemblance between the two is very 
striking. The outline and relative size of the ninth sternite 
are very similar in both insects, and the so-called two- 
jointed cerci of Entbia are rcnnarkably similar to the two- 
jointed styli (i. c. the styli with their basal sti uetures the 
coxites ()]• styligers) of GryllobUdla, not only in position, 
but in the number and character of their component 
parts. Dr. Walker, however, maintains that these two 
structures are not homologous in the bisects in question. 
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and provisionally, at least, L have acceptetl his verdict 
in the matter. 

The cerci, labc'lled “ c ” in all figures, are faii ly well 
developed in Masiolennes ; but the segments of the cerci 
are not as distinct as in Termojma (which is another feature 
in which Termoim^ is more pjimitive than AlostoU’rmvs). 
There are traces of at least live segments in the cerci of 
Ahulotermes, and in all probability sevcial more have 
fused to form certain of the larger segments. 

The paraprocts, “ pa,” (»r lateral plates of the eleventh 
segment, which bear the cerci, are quite well developed 
in M(istoter}nes, as is also the case with the tenth tergite 

lot.” The jjosterior margin oi the tenth tergite (^f the 
winged male (fig. 2, “lot”) is “indented” (or slightly 
einarginate) mesally, while the posterior margin of the 
tenth tergite of the winged female (fig. i, “ lot ”) is entire, 
and is soiiiewhat “ thinner,” being more decurved posteriorly 
than is the case in the winged male. 

In previous ])apers, 1 have applied the term “ epiproct ” 
to the tenth oj’ to the eleventh abdominal tergites indis¬ 
criminately, and I have also employe.d this term as piacti- 
cally synonymous with the. designation “pygidium.” In 
the interest of exact usage, however, I would now suggest 
that the term “e[)iproct” be restricted to the eleventh 
abdominal tergite (which is distinguishable in but few 
insects), while some form of the designation “ pygidium ” 
should be employed for the ajiparent terminal tergite in 
other cases. 

The term “ pygidium ” is fre(|uently applied to the 
a])]iarent terminal tergite in higher insects, regardless of 
whether one is dealing with tin*, actual sixth, seventh, 
eighth, ninth, or tenth tergite, the actual terminal tergites 
in such cases being usually withdrawn or “ teleseojjed ” 
beneath the aj)parent terminal tergite which conceals them, 
so that what a])pears to be the terminal tergite or “ ])y- 
gidiuni,” is not actually tin* terminal one under these con¬ 
ditions. It would be much more exact when this is the 
case, to prefix to the term pygidium, the tlreek designations 
hexa-, hepta-, octo-, ennea-, or deca-, to indicate that the 
apparent last tei*gite is {ictually fojined by the tergite of 
the sixth, seventh, eighth, ninth, or tenth segment, as the 
case may be. Thus, the so-called “ pygidium ” of certain 
Coleoptera is in reality formed by the tergite of the sixth 
abdominal segment (the terminal ones being usually with- 
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drawn beneath it), while the sn-ealled “ py«j,idiiini ” of a 
cockioac'h or termite is usually Ibrined by the teriijite of 
the tenth abdominal segment ; and in the interest of exact 
usage, it would be })r(4erable to distinguish betw’een these 
two ty])es of “ jn gidia ” by designating that of the beetle 
a “ hexapygidinm ” and tliat of the cockroach or termite 
a “ deca])ygidium.” 

The coialition occurring in the terminal abdominal 
structures of the wijigeil male ” of Maslotcmies lends 
additional weight to the view that the termites are rather 
closely related t») the cockroaches, sintu^ in both groups the 
j)ygidium, “ 1(H,” is a “ decapygidium ” (/. c. it is formed 
by the tentli tergite), the paraprocts pa ” are usmdly 
well develo])e(l in both ty])es of insects, and in the male 
of the primitive cockroach (lyijptoccrcKb, refened to above, 
there are traces of the styh-lxairing structures “ sg ” which 
are only partially united with the ninth sternite “ ha 
as in Maslolernieb (fig. 4). On the other hand, the genitalia 
of Maslolei'tnes and other termites do not exhibit the well- 
developed, asymmetrical jienis valves charact(‘ristic of 
most cockroaches, Mantids, and Zorajitera; and since the 
termites belong to the superorder Panisoiitera (comjjosed 
of the Isoptera, Zorajkera, Mantodea, Blattodea, etc.), 
it is rather surprising that such primitive forms as Mado- 
lernu's should not exhibit some indications of such a wide¬ 
spread condition occurring in the bulk of their relatives 
in this group. It is jiossible, however, that since some 
termites such as those herc! discussed have been found to 
have developed a primitive type of ovipositor (a condition 
occurring i*xtremely rarely among Isoptera), still others 
will be found in which traces of the penis valves are retained. 
Indeed, in the winged males of Tcrnutpsis, thme aie traces 
of the penis valvi's, but tliey are so small and delicate that 
one can scarcely sei^ tlnun, anti they are tpiite unsatisfactory 
for a compaiative study of the structures in tjuestioii. 

Ill Yol. 131, l!)lt), of the Proceedings of the Entomological 
Society of Washington (pp. PiU 151), in an article dealing 
with the terminal abdominal structures of the most ])rimitive 
representatives of the llymenojitera (/. c. the sawflies), 
it was shown that the hypandriiim, or plate below the male 
genitalia (“ha ” of PI. IV, figs. 2 and 1),is in most insects 
formed by the sternite of the ninth abdominal segment, or 
those preceding it, rather tliaii by the tenth sternite, as 
was formerly claimed. Eurthermore, as is the case in 
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Masloternies, the steniite of the seventh, or jn’oceding 
segments, as well as the eighth steniite, may form the plate 
below the genital apparatus of female insects in general. 

In comparing together the terminal structures of insects 
in general, 1 have been impressed with the marked resem¬ 
blance between the terminal structures of the sawflies 
and those of the termites (with the exception of the genital 
ap]jaratus of the males, since the stv'li of male termites 
apparently become modified to form clasping organs in 
the male sawtlies), and there aie a number of features w hich 
]joint to a rather close relationship between the two groups. 
These resiunblances have leil me to conclude that the Pso- 
cidae {s. /.), Hymenoptera, Mecoptera, Neuroptera, and 
C\)leoptera jirobably arose from ancestors anatomically 
intermediate between the ls<iptera (with the Zoraptera) 
on the one hand, and the Dermapteron-Embiid Plecopteron 
group on the other, furthermore, the Isoptera are them¬ 
selves intermediati*- between the Blattodea (with the Manto- 
dea) and the Dermapteron-Embiid-Plecopteron group, 
and because of this phylogciudically important position 
wdiich they occupy with relation to the lines of descent of 
the other orders of insects, their anatomy should be more 
carefully studied than has ])een the case heretofore. 

1 have suggested in previous papers, that the Palaeo- 
dictyoptera, Ephemerida aiul Odemata might possibly be 
associated together in a section of the Fterygotan insects, 
and wliile this arrangement ludds gootl for certain of the 
Palaeodictyoptera, it is lujt true of all the insects incluiled 
in this order, which aj^pears t(> be a very heterogeneous 
conglomeration of insee.ts, of which certain forms are n<jt 
sufficiently neai’ly relatetl to be included in the same <jrder, 
or even superonler. 'riuis for example, I wouhl now con¬ 
sider such Palaeodictyoptera as the tStejujclictvoids (or 
those related to Stenodiclijo) as belonging in the superorder 
Panplec(>ptera, which includes the Plecoptera, Embiotlea, 
Dermaptera, Coleoptera and their allies (to which might be 
added such fossil forms as the, lladentoniodea, Haplop- 
terodea, etc., although f am not certain as to such forms as 
the Sypharopterodea). On the other hand, some of the 
insects now ])laced in the order Palaeodictyoptera, such 
as the Eublejkidae, bear a strong resemblance to the insects 
comprising the superorder Panplectoj)tera, composed of 
the Ephemerida (also called Plectopteia), Protephemerida 
(Triplosoha) and their allies, llandlirsch would derive 
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